The effect of dietary NE content on feed intake and performance of pigs was investigated using crossbred barrows with initial and fi nal BW of approximately 35 and 110 kg, respectively. Pigs were housed individually and allowed ad libitum access to feed. Pigs were randomly allotted to 6 wheat and soybean meal-based diets (8.1, 8.7, 9.3, 9.9, 10.5, and 11.1 MJ NE/kg) with 16 pigs/diet. Ratios between standardized ileal digestible AA and NE were similar in all diets. Over the entire experiment, increase in dietary NE concentration was associated with a decreased ADFI (3.216, 3.216, 3.122, 2.910, 2.732, and 2.684 kg/d, respectively, for diets containing 8.1 to 11.1 MJ NE/kg; linear, P < 0.01). The NE intake increased as dietary NE increased from 8.1 to 11.1 MJ NE/kg (26.04, 27.98, 29.03, 28.81, 28.68, and 29.77 MJ/d, respectively; linear, P < 0.01, and quadratic, P = 0.06). Average daily gain increased when dietary NE concentration increased (1.046, 1.126, 1.135, 1.177, 1.156, and 1.152 kg/d, respectively, for diets containing 8.1 to 11.1 MJ NE/kg; linear and quadratic, P < 0.01). The increase in dietary NE concentration was associated with an increase in dressing percentage (76.5, 77.0, 77.4, 78.0, 78.2, and 78.4% of BW; linear, P < 0.01) but no differences in lean percentage (58.3, 57.9, 58.0, 57.3, 58.1, and 56.4% of HCW, respectively, for diets containing 8.1 to 11.1 MJ NE/kg; P = 0.12). When dietary NE concentration increased from 8.1 to 11.1 MJ/kg, the G:F increased (0.326, 0.352, 0.364, 0.405, 0.425, and 0.428 kg/kg, respectively; linear, P < 0.01), but the G:F expressed using the NE system did not change (G:F, 39.97 g/MJ NE; P = 0.44). When adjusted to the same dressing yield and lean percentage, the differences in adjusted ADG increased among treatments, but the adjusted G:F expressed using the NE system was not infl uenced by dietary energy concentration. These results confi rm the ability of individually housed pigs to adjust their spontaneous feed intake over a very wide range of NE concentrations (8.7 to 10.5 MJ/kg). Under commercial conditions, pigs may experience less variation in ADFI than the results obtained in this experiment because of differences in dietary energy concentrations. However, it seems that only a severe reduction in dietary energy concentration will be effective in restricting energy intake of pigs that are allowed ad libitum access to feed.
INTRODUCTION
The growing pig is commonly known for its ability to adjust ADFI over a wide range of dietary energy concentrations to maintain a constant daily energy intake (Cole et al., 1967) . However, according to Black et al. (1986) , feed intake capacity in pigs weighing less than 40 kg is a limiting factor for the expression of growth potential. In contrast, at the end of the fi nishing period, feed intake capacity exceeds the amount of energy required to maximize the lean to fat ratio in BW gain. Over the years, genetic selection for improved carcass leanness and G:F has been associated with a reduced spontaneous feed intake (Cameron and Curran, 1994) . A reduced energy intake is observed when low-energy diets are used (Henry, 1985; Campbell and Taverner, 1986) , and the differences between energy requirement and energy intake are becoming increasingly important when high-fi ber diets are used because of gut fi ll limitations (Kyriazakis and Emmans, 1995) . Reduced dietary energy concentration may therefore reduce energy intake of pigs. However, changes in dietary energy concentrations imply the use of different inclusion rates of feed ingredients that are either rich in fi ber or rich in fat, which will result in different NE to DE ratios. A consequence of different NE to DE ratios among diets is that the ranking of diets based on energy concentration may be different depending on the energy system used. Most experiments evaluating the relationship between dietary energy concentration and growth performance relied on diets formulated on a DE basis (Cole et al., 1967; Henry, 1985; Beaulieu et al., 2009) . Therefore, the objective of our experiment was to characterize the response to dietary NE concentration of modern pigs, which have been selected for reduced back fat thickness and may have also reduced their capacity for feed intake.
MATERIALS AND METHODS
The study was conducted in accordance with the French legislation on animal experimentation and ethics. The certifi cate of Authorization to Experiment on Living Animals was issued by the Ministry of Agriculture to N. Quiniou (referenced under the number to conduct experiments at the IFIP-Institut du Porc Facilities (Romillé, France).
Experimental Design
Two replicates of 48 crossbred barrows, born from crossbred Large White × Landrace sows that were inseminated with semen from crossbred Large White × Piétrain sires, were used successively to investigate the effect of dietary NE concentrations on ADFI, ADG, G:F, and carcass characteristics. Within each replicate, pigs were allotted to 8 blocks of 6 littermates or half-littermates at the end of the postweaning period (62 ± 1 d of age) on the basis of pig BW. After a 12-d preexperimental period, pigs were randomly allotted to 1 of the 6 dietary treatments that corresponded to 6 NE concentrations, ranging from 8.1 to 11.1 MJ/kg.
Diets
The experimental diets were prepared in an experimental mill. Before the preparation of the diets, wheat, barley, corn, soybean meal, sunfl ower meal, and wheat bran were procured and analyzed for DM, CP, crude fiber, ether extract, and starch. The same batches of corn and sunfl ower meal were used in all diets for replicates 1 and 2, whereas 2 separate batches of wheat, barley, and soybean meal were used in each replicate (Table 1) . The digestible concentrations of energy and nutrients were estimated from the gross composition of the ingredients according to EvaPig (INRA et al., 2008) . For sunfl ower oil, values published by Sauvant et al. (2004) were used. Within each replicate, experimental diets were formulated on the basis of these nutritional values. Three formulas were fi rst calculated. In the formula called formula M, no sunfl ower meal, wheat bran, or sunfl ower oil was used, and the NE of this diet was calculated to be 9.6 MJ/kg. The second and the third formulas were calculated on the basis of the same feedstuffs as formula M, but either wheat bran and sunfl ower meal or sunfl ower oil were used to formulate diets that contained 8.1 (formula A) or 11.1 (formula F) MJ NE/kg, respectively. Incorporation rates of ingredients for the other formulas were calculated as a combination of diets A, M, and F with the following proportions: formula B, 60% A + 40% M; formula C, 20% A + 80% M; formula D, 80% M + 20% F; and formula E, 40% M + 60% F. After these calculations were completed, the calculated NE concentration of experimental diets A, B, C, D, E, and F was 8. 1, 8.7, 9.3, 9.9, 10.6, and 11 .1 MJ/kg, respectively. The experimental diets were prepared independently, taking into account the calculated incorporation rates for each feedstuff (Tables 2 and 3) . Diets A to C were stored in conventional paper bags, whereas diets D to F were stored in coated plastic bags to limit the oxidation of unsaturated fatty acids provided by the sunfl ower oil. All diets were offered as pellets. The concentration of standardized ileal digestible (SID) Lys was maintained at 0.90 g/MJ NE in all diets. The other SID AA were supplied relative to the SID Lys concentration with the ratios in agreement with the ideal protein concept (Henry, 1993) . On a SID basis, dietary concentrations of Met + Cys, Thr, and Trp were at least 60%, 65%, and 19% of the SID Lys concentration. The concentration of digestible CP was 13.8 g/MJ NE in all diets. The concentration of available P was 0.23 g/ MJ NE, and the ratio between the concentration of Ca and the concentration of available P was 2.9 g/g (Ernandorena et al., 2007) .
Housing Conditions and Management
Pigs were housed individually and allowed ad libitum access to feed throughout the experiment. Two rooms that each had 24 pens were used for each replicate. There were 4 blocks of 6 pigs in each room. Each pen (1.50 × 0.95 m) was equipped with a trough and a nipple waterer and a fully slatted concrete fl oor. Pens were separated with a fence that allowed visual and physical contact between neighbors. Ambient temperature was maintained at 25°C for the initial 4 d of the preexperimental period. The temperature was reduced to 23°C over the next 13 d and kept at this level throughout the experiment. Pigs were moved to the experimental rooms when the average age was 63 ± 1 d. They were fed a standard diet for growing pigs (9.7 MJ NE/kg) during the preexperimental period. For the initial 5 d, feeders were left open, but during the next 7 d, feeders were closed with a lid to prevent the feed from being soiled with feces, and pigs had to push the lid to get access to feed. At the end of the adaptation period, pigs were weighed and allotted to 1 of the 6 treatments within each block.
Measurements
During the experimental period, 2 samples were collected weekly from each diet. One was dried at 105°C for 24 h to determine the DM content (method 930.15; AOAC International, 2007) , and the second sample was used for further chemical analyses. At the end of the trial, all samples from each diet were combined for chemical analyses. Chemical analyses were performed according to the methods of AOAC International (2007) for measuring CP (method 990.03), Weende crude fi ber (method 978.10), and ether extract (method 920.39). Starch content was measured using the Ewers polarimetric method (EEC, 1972) . Tables 4 and 5 represent both chemically analyzed concentrations of macronutrients and calculated values for nutrients in experimental diets for replicates 1 and 2, respectively. Pigs were weighed between 1400 and 1500 h after a 6-h fasting period every 14 d until 100 kg BW and every 7 d afterward. At the end of the trial, pigs were slaughtered once a week on Wednesdays. The expected BW on the slaughter day was estimated individually according to ADG measured over the previous 2-wk phase. Pigs were marketed when they reached the minimum of 103 kg the day before slaughter. The animals were then fasted from 0800 to 1400 h, weighed at 1400 h, and transported 87 km to a commercial slaughter plant at 1700 h. The pigs were slaughtered at 0800 h on the next day after 24 h without any access to feed, but they were allowed ad libitum access to water during this period. Pigs had approximately 13 h of rest before slaughter. Pigs were stunned with CO 2 , exsanguinated, and eviscerated. The HCW corresponded to both half-carcasses with feet minus the kidney fat and with the head, but without the tongue. The lean meat percentage of the carcass was estimated from the back fat depth measured between the third and fourth last ribs (F34) and the LM depth between the third and fourth last ribs (M34) obtained with an invasive probe (Capteur Gras Maigre; Sydel, Lorient, France). The accumulated feed allowance was recorded weekly. Refusals were collected, homogenized, and weighed. A sample of refusals was dried at 105°C for 48 h, and DM was determined.
Calculations
The ADFI was calculated weekly and individually on the basis of the difference between the accumulated feed allowance and the feed refusals expressed as a DM basis. Growth performances were calculated for each pig over the entire experimental period (i.e., from the beginning of the experiment until slaughter) and during each 14-d phase. As the fi rst pigs were slaughtered 56 d after the beginning of the trial, the following 4 phases Values for the diet containing 11.1 MJ NE/kg was 3 times smaller than the expected value. Therefore, this was considered incorrect and data of pigs fed this diet were excluded.
2 Based on nutritional characteristics of ingredients estimated from their chemical analyses with EvaPig (INRA et al., 2008) .
3 All diets were pelleted. 
Statistical Analyses
Data obtained from pigs that received the diet of 11.1 MJ NE/kg in replicate 1 were excluded from the data set because the chemically analyzed values for macronutrients did not meet the expected values for this diet. In addition, data from 6 pigs were not considered in the statistical analyses. The reason for excluding these pigs is that 1 pig fed the diet containing 8.1 MJ NE/ kg, 2 pigs fed the diet containing 8.7 MJ NE/kg, and 1 pig fed the diet containing 9.3 MJ NE/kg developed a rectal prolapse. Likewise, 1 pig fed the diet containing 8.1 MJ NE/kg became lame, and 1 pig fed the diet containing 10.5 MJ NE/kg developed local epidermis. Data were analyzed by ANOVA using the MIXED procedure (SAS Inst., Inc., Cary, NC). The pig was the experimental unit for all analyses. Block (n = 16) was the random effect, and treatment (T, n = 6) was the fi xed effect. When results obtained during the 2-wk phases were analyzed, phase and phase × treatment interactions were also included as effects in the model for repeated measurements. When the interaction between phase and treatment was signifi cant or tended to be signifi cant (P < 0.10), separate statistical analyses were conducted within each 2-wk phase. Covariance analyses were also performed on performance measured over the entire experimental period. Values for ADG were analyzed with the dressing percentage as a covariate to standardize the performance according to the gut fi ll changes that may result from variations in the concentrations of dietary fi ber. The G:F, G:F NE , G:F ME , and G:F DE ratios were analyzed with dressing percentage and lean percentage as covariates to standardize the performance according to the body composition. Alpha values of 0.05 and 0.10 were used to assess statistical signifi cance and trends among means, respectively. The LSMEANS procedure was used to calculate mean values. When the treatment effect was signifi cant (P < 0.05), least squares means were compared using the probability of differences procedure with the Tukey-Kramer adjustment. Contrasts for linear and quadratic effects were used to detect differences among NE concentrations.
RESULTS
Chemically analyzed values for dietary CP, crude fiber, starch, and ether extract concentrations in the representative diet samples were in agreement with expected values for all diets, except the diet containing 11.1 MJ NE/kg used in replicate 1 (Tables 3 and 4) . If the chemical characteristics are correct, it is assumed that the corresponding estimated nutritional values are reliable.
At the beginning of the experiment, pigs weighed 34.5 ± 4.8 kg on average. At the end of the experiment, pigs were slaughtered once a week from d 56 to 77. On d 56 (i.e., at slaughter of the fi rst pig), BW averaged 98.4 ± 8.1 kg, and it was dependent on the dietary NE concentration (linear, P < 0.01). Because of the differences in duration of the experiment among treatments (quadratic, P = 0.02), the NE concentration had less effect on the BW at slaughter (P = 0.05; 108.8 ± 5.1 kg; Table  6 ). Increasing the NE concentration of the diet from 8.1 to 11.1 MJ/kg resulted in an increase in dressing percentage (linear, P < 0.01). Treatment did not infl uence lean percentage of the carcass, but with an increase in the dietary NE concentration, a trend for an increase in back fat thickness was observed (linear, P = 0.08), even though the P-value obtained for the effect of NE concentrations on back fat thickness was 0.36 when adjusted by covariance to the same HCW.
Average daily gain was infl uenced by the NE concentration mainly at the beginning and the end of the experiment (phase × treatment, P = 0.09; Table 7 ). From d 0 to 14, ADG was reduced (linear, P < 0.01) in pigs fed the diet containing 8.1 MJ NE/kg compared with those pigs fed diets containing 9.3 to 11.1 MJ NE/kg, but the ADG in pigs fed the diet containing 8.7 MJ NE/kg was not different from those fed other diets. From d 14 to 28 and from d 28 to 42, no differences were observed among treatments. From d 42 to 56, the least ADG was measured in pigs fed the diet containing the least dietary NE concentration of 8.1 MJ NE/kg, and the greatest ADG was observed in pigs fed the diet containing the middle range NE concentration of 9.9 MJ NE/kg. The ADG in pigs fed the diets containing 8.7, 9.3, 10.5, and 11.1 MJ NE/kg were not different from those pigs fed the diets containing 8.1 and 9.9 MJ NE/kg (quadratic, P < 0.01). Average daily gain measured for the entire experiment was reduced in pigs fed the diet containing 8.1 MJ NE/kg compared with those pigs fed other diets (linear and quadratic, P ≤ 0.01). When ADG was adjusted to the same dressing percentage using covariance, the differences among treatments increased. For pigs fed diets containing 8.1 and 8.7 MJ NE/kg, the values were reduced after the adjustment, whereas values for pigs fed diets containing 10.5 and 11.1 MJ NE/kg increased.
Increased dietary NE concentration was associated with a linear decrease in ADFI for the entire experiment (P < 0.01); these effects were observed during each 2-wk phase. From d 0 to 14, 14 to 28, 28 to 42, and 42 to 56 and for the entire experiment, no differences were observed among the diets containing 8.1, 8.7, and 9.3 MJ NE/kg. In addition, no differences were observed between the diets containing 10.5 and 11.1 MJ NE/kg over these phases. During the 4 phases, as well as during the entire experiment, the ADFI in pigs fed the diet containing 9.9 MJ NE/kg was not different from those pigs fed other diets. The effect of the dietary NE concentration on ADFI was greater from d 28 to 42 (phase × treatment, P = 0.03) than other phases, but no phase × treatment interaction was observed on daily NE intake expressed in MJ/d. On average for the 4 phases, no differences in NE intake were observed when the dietary NE concentration increased from 9.3 to 11.1 MJ/kg. A reduced NE intake was consistently observed during the four 2-wk phases in pigs fed the diets containing 8.1 and 8.7 MJ NE/kg compared with pigs fed diets with greater NE concentrations (P < 0.05). These differences among treatments were similar to those observed during the entire experiment. The effect of the dietary NE concentration on ADG observed during the 2-wk phases resulted in differences in average BW during the corresponding 2-wk phase. Therefore, the NE intake was calculated per unit of metabolic BW (i.e., per kilogram of BW 0.60 ). On the basis of this criterion, different effects of the dietary NE concentration were observed during the four 2-wk phases (phase × treatment, P = 0.06). From d 0 to 14, a decreased NE intake was observed in pigs fed the diets containing 8.1 and 8.7 MJ NE/kg compared with those pigs fed diets containing 9.9 to 11.1 MJ NE/kg. An intermediate value was observed with the NE concentration of 9.3 MJ/kg. From d 14 to 28 and 42 to 56, NE intake averaged 2.37 and 2.24 MJ/d per kilogram of BW 0.60 , respectively, in pigs fed diets containing 8.7 to 11.1 MJ NE/kg, which was greater (P < 0.01) than in pigs fed the diet containing 8.1 MJ NE/ kg. From d 28 to 42, no effect of dietary NE concentration was observed on NE intake.
Gain to feed effi ciency calculated per kilogram of feed intake improved as the dietary NE concentration increased. This effect was observed during the entire experiment and during all 2-wk phases (phase × treatment, P = 0.28; Table 8 ). In contrast, the NE concentration of the diet had no effect on the G:F expressed per megajoule of NE intake during the entire experiment or during any of the 2-wk phases. Similarly, the G:F expressed per megajoule of ME or DE intake were not infl uenced by the treatment during the entire experiment or during any of the 2-wk phases (data not shown). When G:F, G:F NE , G:F ME , and G:F DE were adjusted by covariance to the same lean percentage of the carcass and dressing percentage, a reduced residual SD was obtained compared with the unadjusted criteria. In addition, the differences in adjusted means among the extreme treatments increased. Increasing the dietary NE concentration from 8.1 to 11.1 MJ NE/kg had no effect on G:F NE . However, it resulted in an increase in G:F ME and G:F DE (linear, P ≤ 0.01).
DISCUSSION
Pigs are capable of adjusting voluntary feed intake to dietary characteristics. In most instances, energy density is the fi rst determinant of ADFI (Henry, 1985; NRC 1998) , but other nutrients such as AA can also interfere (Henry et al., 1992; . When dietary energy concentration decreases, pigs respond by increasing ADFI. However, this ability implies that the maximum capacity of the digestive tract is not reached yet. The present study was performed on barrows that have a greater ADFI than boars and gilts (Hansen and Lewis, 1993; Fuller et al., 1995) . In addition, they were individually housed, so that competition for feeder space was avoided. As reviewed by Nyachoti et al. (2004) , the maximum feed intake capacity depends on the husbandry conditions (i.e., group size, space allowance, and ambient temperature), genotype, and sanitary status. Considering these factors, pigs kept under commercial conditions likely have a reduced capacity for adjusting ADFI compared with pigs used in the present experiment because ADFI varies from farm to farm (Beaulieu et al., 2009 ). However, even under favorable housing conditions for ADFI adaptation to NE concentration, 2 Growth performance data were obtained over the entire experimental period (d 0 to slaughter; i.e., from the beginning of the trial until slaughter), and over 4 successive phases of 14 d each.
3 RSD = residual SD, which is the root-mean-square of the error that applies to the whole model. 4 P-values for linear (Lin) and quadratic (Q) effects are for the effects of dietary NE concentration among the 6 diets. For the entire experiment, the model includes dietary NE concentration and block. For the results for each 2-wk phase, the phase and the NE × phase interaction were introduced in the model. Effect of phase was always signifi cant (P < 0.01). An analysis was conducted on different phases separately when a signifi cant NE × phase interaction or a tendency for a NE × phase interaction (P < 0.10) was obtained. The P-value for the interaction is indicated in the footnotes. 5 Pigs fed with diet containing 11.1 MJ NE/kg in replicate 1 were not included because chemically analyzed characteristics did not meet the expectations for this diet. 6 NE × phase interaction, P = 0.09. 7 Adjusted means with the dressing percentage (P < 0.01) used as a covariate in the statistical model. 8 NE × phase interaction, P = 0.03. 9 NE × phase interaction, P = 0.52. 10 NE × phase interaction, P = 0.06. some limitations were observed in the present study. According to Black et al. (1986) , the major limiting factor for growth at the beginning of the growing period is energy intake regardless of the dietary energy concentration because no regulation of energy intake happens in pigs weighing less than 20 kg. According to the same authors, an adjustment of ADFI to energy concentration is possible over the 20 to 50 kg BW range as long as the DE content remains above 14 MJ/kg, which is a rather high energy concentration (corresponding to 9.9 MJ NE/ kg; Sauvant et al., 2004) . In the present study, it was not possible to determine precisely the minimum BW above which ADFI regulation happens. From d 0 to 14, BW ranged between 35 and 50 kg, and no differences in NE intake were obtained when dietary NE increased above 9.3 MJ/kg, which is below the threshold value proposed by Black et al. (1986) . Even though modern and lean genotypes have a reduced ADFI compared with pigs used a few decades ago (Cameron and Curran, 1994) , it seems that this change has been associated with an increase in the ability of pigs to adapt feed intake if diets with reduced NE concentrations are fed.
A review of the literature of data reported from 1960 to 1985 for pigs that were kept within their thermoneutral zone and had a BW between 10 and 205 kg indicates that there is an allometric relationship between the maximum feed intake (mFI, kg/d) and BW (Black et al., 1986) . For diets containing 87% DM, this relationship may be expressed with the following equation: mFI = 0.115 BW 0.803 (Black et al., 1986) . This estimated mFI is close to the maximum ADFI measured in the present experiment from d 0 to 14 (2.30 vs. 2.34 kg/d). There is also a good agreement between estimated and determined mFI for d 14 to 28 and 28 to 42 (2.91 vs. 2.96 and 3.55 vs. 3.51 kg/d, respectively). In contrast, from d 42 to 56, the estimated mFI is 4.14 kg/d, whereas the determined mFI is only 3.70 kg/d. There is also an allometric relationship between the voluntary DE intake (vDE, kcal) and BW. For barrows, this relationship may be expressed with the following equation: vDE = 575 BW 0.675 (Cole et al., Table 8 . 3 RSD = residual SD, which is the root-mean-square of the error that applies to the whole model. 4 P-values for linear (Lin) and quadratic (Q) effects are for the effects of dietary NE concentration among the 6 diets. For the entire experiment (d 0 to slaughter), the model includes dietary NE concentration and block. For the results for each 2-wk phase, the phase and the NE × phase interaction were introduced in the model. Effect of phase was always signifi cant (P < 0.01). An analysis was conducted on different phases separately when a signifi cant NE × phase interaction or a tendency for a NE × phase interaction (P < 0.10) was obtained. The P-value for the interaction is indicated in the footnotes.
5 Pigs fed with diet containing 11.1 MJ NE/kg in replicate 1 were not included because the dietary chemical characteristics did not meet the expectations for this group. 6 NE × phase interaction, P = 0.28. 7 NE × phase interaction, P = 0.36. 8 Calculated over the entire experiment. 9 Adjusted means with the dressing percentage (P < 0.01) and lean percentage of the carcass (P ≤ 0.01) used as covariates in the statistical model.
1967). Assuming that the NE to DE ratio is 71% in diets used by Cole et al. (1967) Cole et al. (1967) or Black et al. (1986) indicates that genetic selection for carcass leanness over the last 30 yr has infl uenced the feed intake capacity more at the end than at the beginning of the growing-fi nishing period. This hypothesis agrees with the delayed development of fat tissue and the associated reduced energy requirement of modern pigs compared with genotypes used in the past . A trend for reduced backfat thickness as a consequence of reduced dietary NE concentration was observed by Campbell and Taverner (1988) , Bikker et al. (1995) , Quiniou et al. (1996) , and Stein et al. (1996) . Combined with a reduced ADG and a subsequently reduced BW at slaughter, this observation indicates an energy restriction effect. However, in the present study, it seems that the decreased backfat thickness with a diet containing 8.1 MJ NE/kg was mainly a result of the reduced HCW in pigs fed the diet with the least energy concentration; indeed, the carcass leanness did not differ among treatments. A similar observation was previously reported by Cole et al. (1967) . These different conclusions among studies may be a consequence of differences in the specifi c linear-plateau relationships between protein deposition and feed intake in experimental pigs. This relationship depends on intrinsic factors such as BW (Black et al., 1986; Bikker, 1994; and gender and genotype (Campbell and Taverner, 1988; Quiniou et al., 1996) . If reductions in NE intake result in a simultaneous decrease in protein and lipid deposition rates, no effect is observed on carcass characteristics; the contrary is obtained if only lipid deposition rate is affected by energy restriction.
Pigs were slaughtered at the same BW, but the HCW differed among treatments because the dressing percentage decreased as dietary energy concentration was reduced. Such an effect on dressing percentage was previously reported by Stein et al. (1996) , Sokøl et al. (1997) , Chadd and Cole (1999) , Smith et al. (1999) , and Beaulieu et al. (2009) . In our study, the dressing percentage was calculated as the ratio between HCW and the fi nal BW obtained 18 h before slaughter. It is therefore possible that the dressing percentage calculated in this experiment is underestimated compared with values calculated from pigs that are weighed right before slaughter. With low-energy diets compared with high-energy diets, increases both in the gut contents and in the weight of the empty gut account for the decrease in dressing percentage. In most instances, low-energy diets are high-fi ber diets with a subsequent increase in gut fi ll (Kyriazakis and Emmans, 1995) , which results in a reduced dressing percentage, even after a rather long fast (Le Dividich et al., 1987) . The weight of the empty gut is also increased with fi brous feeds (Kass et al., 1980; Levasseur et al., 1998) . From results published by Le Dividich et al. (1987) , who compared diets with 1.9% and 4.5% crude fi ber, it can be calculated that the decrease in dressing percentage (1.8% of BW) was mainly due to an increase in gut contents (1.2% of BW) and in empty gut weight (0.3% of BW). Consequently, when fi brous components are incorporated in the diets, the daily gain of carcass is a criterion that describes more precisely the effect of dietary energy concentration than ADG. Using dressing percentage as a covariate in the statistical model to adjust values for ADG eliminates some of the infl uence of energy accumulated in gut contents and gut tissue. The adjusted values for ADG that were obtained in pigs fed the diets containing 9.3 or 9.9 MJ NE/kg were largely unchanged. In contrast, the adjusted values for ADG increased in pigs fed diets containing the least NE concentrations compared with the unadjusted values, whereas ADG decreased in pigs fed diets containing the greatest NE concentrations. When ADG is adjusted to the same dressing percentage, the differences observed among treatments are close to the differences observed when the daily gain of carcass was considered.
The differences in dressing percentages among treatment groups and different carcass leanness obtained by some authors complicate the interpretation of the effect of the energy concentration on performance. Net energy is the system in which energy requirements and diet energy values are expressed on the same basis (Noblet and van Milgen, 2004) . In other words, for a given body composition, the energy requirement per unit of BW gain is constant regardless of the dietary NE concentration. Therefore, from a methodological point of view, an analysis for a similar BW gain composition is more appropriate. In the present study, when the G:F, G:F NE , G:F ME , and G:F DE calculated on the basis of a BW gain were adjusted to a similar partition of BW gain between carcass and organs and a similar carcass composition, the residual SD of the statistical models were reduced. The G:F NE remained unaffected by the dietary treatment, but this was not true for the G:F expressed as BW gain per megajoule ME or DE. This conclusion agrees with data from Le Bellego et al. (2002) and Wu et al. (2007) , who compared diets formulated with different dietary CP levels and different dietary fat levels, respectively.
Results of several experiments conducted with different dietary energy concentrations and adjusted ratios between AA and energy have been reported in the literature. In most studies, diets were prepared on the basis of DE values for ingredients. For the purpose of the present discussion, these values have been converted to NE values on the basis of the published ingredient composition of the diets and the NE values of these ingredients (Sauvant et al., 2004) . When dietary NE concentration increased, the decrease in ADFI and the increase in G:F in the current experiment are consistent with results obtained by Kyriazakis and Emmans (1995) , Stein et al. (1996) , Chadd and Cole (1999) , Beaulieu et al. (2009), and Fagundes et al. (2009) . However, the range of ADFI or G:F variation was greater in the current experiment than in studies performed by Campbell and Taverner (1986) , Stein et al. (1996) , Chadd and Cole (1999) , Beaulieu et al. (2009), and Fagundes et al. (2009) . Differences in husbandry conditions combined with differences in dietary bulkiness for a given NE concentration may contribute to differences in the plasticity of ADFI among studies.
The reduced dietary energy concentrations are associated with reduced feed effi ciencies if calculated on a kilogram per kilogram basis. Reduced energy concentrations may result in a reduction of the energy intake when pigs are allowed ad libitum access to feed and may be associated with an improved carcass leanness, depending on the growth potential, as mentioned above. Such a strategy may induce an increase in heterogeneity of performance within the population of pigs according to Levasseur et al. (1998) ; however, this effect was not observed by Beaulieu et al. (2009) . In addition, a large incorporation of highfi ber ingredients may result in increased N output, and increased bulk is associated with an increased volume of feed, which has to be transported from the feed mill to the farm. However, because of the competitive costs of fiber-rich ingredients compared with the cost of traditional grain and protein sources, high-fi ber ingredients may be more common in pig diets in the future.
In the present study, energy dilution of the diets was achieved by using fi ber sources that are rich in cellulose. Such ingredients have minimal impact on water retention in the intestinal tract, but they infl uence gut fi ll by increasing bulk and increasing feed intake (Kyriazakis and Emmans, 1995) . Other fi brous compounds, such as sugar beet pulp, have a more pronounced effect on satiety, especially through their greater water-holding capacity. Therefore, the response of the pig to the dietary energy concentration depends on the fi ber sources used in the diets, and regulation of energy intake may be different from what was demonstrated in this experiment if other fi ber sources are used.
In conclusion, results obtained in the present study confi rm the ability of pigs to adjust their voluntary feed intake to the dietary energy concentration. Results indicate that this adaptation occurs over a wide range of energy values, i.e., from 8.7 to 10.5 MJ NE/kg during the entire experimental period. The present experiment was conducted using lean-type barrows that were housed individually. Different husbandry conditions combined with other genders or genotypes may result in different responses. It seems that only a severe reduction in dietary energy concentration will be effective in restricting energy intake of pigs that are allowed ad libitum access to feed.
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